A fundamental problem in the design and management of a telecommunications network is that of determining an optimal routing pattern for a given set of origin-destination demand pairs. In addition, reliability considerations may require provisioning a set of backup paths to protect the working traffic against network failures. In the literature, the problem of finding an optimal routing for a network with fixed link capacities and a list of point-to-point demands (origin-destination pairs), each with a set of candidate routing paths has been referred to as the path-assignment problem. There are three versions of this problem that correspond to the type of network protection required (no protection, dedicated protection, and shared protection). The solution to those models can be used to determine an initial design for a new network. Over time, however, changes in the demand pattern and/or upgrades to the network equipment may create a situation in which the working and/or backup paths are sub-optimal.
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For network managers who are reluctant to make wholesale changes to an established and reliable routing assignment, a complete modification to obtain an optimal assignment that uses fewer network resources is viewed as highly risky. This investigation presents new procedures to take a given feasible, but sub-optimal design and improve it by making a series of incremental improvements each of which only changes a small number of path assignments. Network managers view this strategy as much less risky since only a few customers are affected by any one change. Test cases that require no protection, dedicated protection, and shared protection were examined in an empirical analysis. For all cases, near-optimal solutions (i.e., within 2% of optimal) were achieved irrespective of the quality of the given sub-optimal starting solutions.
Extended Abstract
This investigation addresses an important, and difficult, combinatorial optimization problem in the design and management of telecommunication systems. In the path-assignment problem, one is given a network with fixed link capacities and a list of point-to-point demands (origin-destination pairs), each with a set of candidate routing paths. A path assignment is said to be feasible if it meets the following two criteria. First, all traffic for a given origin-destination pair must be routed along (assigned to) exactly one of the paths available for that pair. Second, the total volume of traffic routed over any particular link must be within the given capacity limit. There is a cost associated with using each path and the problem is to find an optimal (i.e., minimum-cost) path assignment. There are versions of this problem that require the determination of both the working paths and backup paths. One version assumes dedicated backup paths for each working path and another allows for multiple backup paths to share spare capacity.
The existing literature [1, 2, 3, 4] treats this problem from the perspective of determining the initial routing assignments for a new network. The implementation of a routing plan may occur over a period of several months. As a result, the actual demands for services may differ from those used in the design of the plan. Also, during implementation, situations may arise that result in circuit routings that differ from those specified in the plan. For example, services may be required prior to provisioning of the planned network expansion.
Furthermore, after restoration due to a failure in the network, the carrier may not revert to the original optimal routing, thus, leaving the network routing in a sub-optimal state. Over time, changes in the network may result in an inefficient use of the current resources. The optimization techniques developed to find the initial routing assignments and backup paths could also be used to find an optimal design for the new network conditions. However, the optimal assignment by itself does not provide the network manager with enough information to re-optimize the system in a way that minimizes the impact on the customers.
In addition to cost considerations, network managers are also concerned with the quality of service provided by their networks. Understandably, they are reluctant to make major changes to an operating network that may inadvertently result in service disruptions for numerous clients simultaneously. This investigation presents a strategy and solution procedures for the various path-assignment problems in this context.
The objective of this investigation is to develop and test solution procedures that produce a series of costreducing reassignments of working and/or backup paths for the point-to-point demands. This allows the network manager to implement the improved routing in stages with minimal changes to the overall routing plan between any two consecutive stages. Although the procedure may only reroute a few demands at each stage, the routing after the last stage has been implemented should be as close as possible to an optimal routing.
